Inadequate hydration in the elderly is associated with increased morbidity and mortality. However, few studies have addressed the knowledge of elderly individuals regarding hydration in health and disease. Gaps in health literacy have been identified as a critical component in health maintenance, and promoting health literacy should improve outcomes related to hydration associated illnesses in the elderly.
Introduction
A number of common hydration-related medical conditions in the geriatric population are associated with either excess total body fluid (overhydration), or reduced total body fluid (dehydration) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Dehydration occurs when there is excess fluid loss from the body, either due to an illness, exposure to high temperatures, exertion with inadequate fluid intake or use of diuretic medications. This can result in serious imbalance of sodium ranging from hypo to hypernatremia which if not treated promptly, could result in significant morbidity and mortality [1, [4] [5] [6] . The symptoms of dehydration can range from simple dizziness and confusion to seizures and death. Some of the physical signs of dehydration that have demonstrated good specificity for detection include dry axillae, sunken eyes, and a delayed capillary refill time [2, 3] .
In some individuals, the loss of as little as 2-3% of body fluid can cause physical and cognitive impairment [4] . The elderly population is at an increased risk for dehydration for a number of reasons, including a decrease in the thirst sensation, a decrease in renal perfusion, an altered sensitivity to antidiuretic hormone and neurocognitive deficits [1, [4] [5] [6] [7] Notably, Rowat et al. identified 4 independent risk factors for ISSN 2451-9480/17/$35.00 © 2017 -IOS Press and the authors. All rights reserved dehydration upon admission to a hospital: 1) older age, 2) female gender, 3) total anterior circulation syndrome, and 4) prescribed diuretics [8] .
Clinically, dehydration is a major predictor of morbidity and mortality in admitted patients [8, 9] . Rowat et al. assessed dehydration in hospitalized stroke patients and discovered that dehydrated patients were significantly more likely than hydrated patients to become dependent upon others at discharge or die during hospitalization [8] . Dehydration following a stroke also increases the risk of venous thromboembolism, and this is associated with poor health outcomes [8] .
In addition to thromboembolism, there are numerous other consequences of dehydration among the elderly population, including delirium, confusion, infections, falls, and fractures [10] [11] [12] . Lastly, Hodgkinson et al. found that semi-independent patients in nursing homes who appear to be capable of obtaining their own fluids, but who cannot do so in practice, are most at risk for dehydration [13] . It is estimated that cognitively impaired residents in nursing facilities are at the highest risk of dehydration and more than one-third suffer from dehydration [14, 15] . In these cases, healthcare professionals do not present these patients with fluids because they do not perceive this group as being at risk for dehydration [15] .
Dehydration also presents a tremendous economic burden some of which is potentially preventable [16] . A large retrospective study using the Healthcare Cost and Utilization Project (HCUP) project data revealed that the average age for patients admitted with the principal diagnosis of dehydration was 80.4 years. Approximately 64% of these were community dwelling white women [17] . The average length of stay (LOS) for dehydration in the HCUP data was 4.6 days and the total hospitalization charge per person was $7,442 [17] .
The elderly population is also at risk for overhydration. Overhydration, or fluid overload, is caused by a number of conditions, including heart failure [18, 19] , kidney failure [20, 21] , and protein deficiency [22] . Iatrogenic overhydration can also occur as a result of receiving intravenous fluids [23] , blood transfusions [24] , and steroids [25] . The consequences of overhydration range from mild to life-threatening and include congestive heart failure and pulmonary edema, [26] [27] [28] , confusion [29, 30] , high blood pressure, seizure, and even death [31, 32] .
The electrolyte abnormalities in elderly surgical patients and critically ill are often due to overhydration secondary to excess or inappropriate infusion of intravenous fluids [32] [33] [34] . Hence, overhydration is an independent risk factor for morbidity and mortality in elderly people with heart failure, acute or chronic renal failure or for those on dialysis [4, 5, 33, 34] .
Despite numerous studies that describe why the elderly population is at an increased risk for hydration-related health issues compared to the younger population, there is little information on how much fluid elderly people consume or the health literacy of this population about proper hydration [13] . One of the few studies that investigated this, Goodman et al., concluded from the National Cancer Institute's 2007 Food Attitudes and Behaviors Survey that a significantly greater number of individuals 55 years of age or older drink fewer than 4 cups of water per day compared to individuals between 18 and 34 years old (47% vs. 43%, p = 0.04) [35, 36] . This finding supported those of Sebastian et al. who found that while those 20-39 years of age reported drinking 4.7-5 cups of water/day, those 60+ years old reported drinking only 3.1-3.5 cups/day [37, 38] . While these data indicate that the elderly population consumes less water than the younger population, more work needs to be done to determine the specific amount of fluid that the elderly consume and to understand the elderly population's general knowledge of hydration. In addition, there has been minimal research into how well elderly individuals understand the signs and symptoms of dehydration and overhydration.
Since the elderly are highly susceptible to problems associated with hydration, we conducted a survey to understand how much fluid elderly individuals consume on a daily basis and to determine their knowledge about optimal hydration status, the signs and symptoms of dehydration and overhydration, and some of the common associated medical conditions.
Materials and methods

Design
This was a cross-sectional study based using an anonymous survey and a convenience sample methodology. The questionnaire was designed to evaluate the health literacy of older adults in the geriatric age-group regarding the importance of hydration in health and different common disease conditions encountered in the elderly. The survey comprised of 5 demographic questions and 10 structured hydration related questions which addressed types and quantity of fluids consumed, the importance of hydration for health and the problems associated with dehydration or overhydration (Fig. 1) . The study was approved by the Institutional Review Board at the University of Arkansas for Medical Sciences (UAMS) (IRB protocol #202655).
Subjects
The survey was completed by 170 elderly, community-dwelling individuals (over the age of 60) who were patients at the Thomas and Lyon Longevity Clinic at the UAMS Reynolds Institute on Aging. A trained research technician administered the survey to participants. The participants either completed the survey themselves or the research technician read the questions and possible answers to them, and the participant indicated the answers verbally.
Analysis
The survey results were analyzed with SAS software (version 9.3, SAS Institute Inc.). Categorical variables are presented as counts and percentages that were calculated with the PROC FREQ SAS procedure. Responses to questions were compared by group with either the chi-square test or Fisher's exact test for contingency tables with cells having expected frequencies of 5 or less. The chi-square and Fisher's exact tests were performed with the PROC FREQ SAS procedure with the options "chisq" and "fisher." The ␣ cut-off for significance was accepted as p < 0.05.
Results
Study participants
The demographic characteristics of the participants are detailed in Table 1 . All of the survey respondents were community-dwelling, and most lived in the Central Arkansas area. The majority of survey respondents (57%) were between 70 and 79 years old, 80% were White, Non-Hispanic, and 20% were African Americans. There were 52% females. The majority were college graduates or greater (57%), but 35% had less than a high school education. 
Fluid intake
Our survey began by gauging how much and what type of fluid the participants consumed each day through recall of fluid intake on an average day. We found that the majority of respondents (56%) drank more than 6 glasses of fluid each day, with 15% drinking 9 or more glasses ( Fig. 2A) . Over 35% reported drinking at least 4 to 6 glasses each day, and only 9% drank 3 glasses or fewer ( Fig. 2A) .
When asked about the kinds of fluids they drank, 90% reported drinking water, 66% drank coffee, and 47% drank tea (Fig. 2B ). Only 22% reported drinking soda (e.g., Coke or Pepsi) (Fig. 2B) . With respect to other kinds of fluids, about 12% of respondents mentioned drinking milk, fruit or vegetable juice and alcoholic beverages (e.g., beer or wine).
Importance of hydration
We next determined how much each participant knew about the importance of fluid intake for the function of the body. The majority of respondents (79%) were aware that adequate fluid intake was important for eliminating waste from the body, and at least 60% of respondents had significant knowledge about hydration to identify that cooling of the body, metabolism, and maintaining good circulation were related to adequate fluid intake (p < 0.05, Fig. 3A) .
While the majority of respondents appeared to understand the physiologic functions of fluid intake, only 34% correctly identified the amount of fluid loss (3-4% of body fluid) required for the signs and symptoms of dehydration to develop (Fig. 3B) . The majority of respondents (60%) reported that the signs Fig. 2 . Self-reported A) amounts and B) types of fluids the survey respondents consumed per day. Most respondents consumed 4-9 glasses of fluid per day, and the most popular drinks were water and coffee. "Other" drinks included milk, fruit and vegetable juices, and alcoholic beverages (e.g. beer or wine). Only ∼60% percent of respondents were able to correctly identify conditions associated with excess fluid loss (diarrhea and vomiting) and excess fluid retention (heart failure and kidney failure). * P-value<0.05. and symptoms of dehydration begin after the loss of 10% or higher of body fluid. This represented a significant knowledge deficit in the elderly regarding how critically important fluids are for the body (p < 0.05, Fig. 3B ).
Conditions that cause dehydration or overhydration
The participants were also surveyed about their knowledge of medical conditions that can cause dehydration or overhydration. A significant percentage of respondents were aware that diarrhea (68%) or vomiting (59%) caused dehydration (p < 0.05, Fig. 4A ). However, a significant gap in hydration health literacy was observed in 60% of the respondents when they failed to associate fevers or kidney failure with fluid loss (p < 0.05, Fig. 4A ). Only about 55% of the respondents were aware that diuretics and excessive perspiration can cause dehydration (Fig. 4A) .
Health literacy regarding overhydration was also limited but a significant percentage of respondents seemed to be aware that heart failure (65%) and kidney failure (68%) were conditions where excess fluid accumulated in the body (p < 0.05, Fig. 4B ). However, there were serious knowledge gaps regarding Fig. 5 . Survey respondents were asked about how reduced or increased fluid intake would affect sodium levels in the blood. A small majority of the subjects believed that there was increase in sodium level with reduced fluid intake, while a minority of the subjects believed that sodium level increased with increased fluid intake. Yes vs No; * P-value<0.05. certain conditions and fewer than one-third of respondents knew that liver failure (30%), receiving excess intravenous fluids or a blood transfusion (29%), receiving steroids (28%) or protein deficiency (23%), could result in problems with overhydration (p < 0.05, Fig. 4B ).
Effects of dehydration and overhydration
We were also interested in learning how much the respondents knew about the effect of dehydration and overhydration on the concentration of sodium in the blood. Approximately two-thirds of respondents answered that reduced fluid intake could increase sodium and excess fluid intake could reduce sodium. However, just over 60% of the respondents believed that an increased fluid intake would reduce potassium concentrations, and nearly 20% believed that reduced fluid intake, or dehydration, would actually reduce the sodium levels in the blood (p < 0.05, Fig. 5 ).
Symptoms of dehydration and overhydration
Lastly, there were significant deficits in the health literacy of respondents about medical complications associated with dehydration and overhydration. The most common association with that the respondents made with dehydration was the symptom of dizziness (70%, p < 0.05, Fig. 6A ). However, a high percentage of respondents were not aware that low blood pressure (54%), fainting (54%), increased heart rate (58%), excessive sleepiness (70%), seizures (78%) and even death (72%) could be a consequence of dehydration (p < 0.05, Fig. 6A ).
With respect to overhydration, the majority of participants knew that swelling of the ankles (84%) was a sign of overhydration (p < 0.05, Fig. 6B ). However, there was a significant knowledge deficit knew regarding seizures (80%), confusion (65%), and death (71%) as complication of overhydration (p < 0.05, Fig. 6B ). Common consequences of fluid overload in the elderly such as shortness of breath and high blood pressure were also only recognized by about 50% of the respondents.
Discussion
Here, we report the results of a survey conducted to help identify health literacy needs of the elderly regarding the importance of hydration, especially with respect to various health conditions. Our results uncover significant gaps in hydration health literacy in the elderly in spite of the fact that the majority of our survey respondents reported that they consumed an adequate amount of fluid on a daily basis and acknowledged that proper hydration was important for eliminating waste. However, knowledge regarding temperature control, metabolism and circulation was less optimal and was reflected in answers to questions addressing signs and symptoms in addition to medical complications associated with inadequate hydration.
Interestingly, our findings on the amount of fluid consumed mirror the results of a study by Lindeman et al. which reported that 71% of communitydwelling elderly adults (mean age 74.1 years old) drank at least 6 glasses of water per day [39] . Other studies reported the likelihood of drinking fewer than 4 cups of water per day to be significantly higher among people over 55 years of age as opposed to young adults (47% vs. 43%, p = 0.04) [35, 36] .
Specifically, the 2005-2008 NHANES study reported that adults over age 60 consumed just over 3 cups of water per day (3.1-3.5 cups/day), more than a cup less than those 20-39 years of age (4.7-5.0 cups/day) [37, 38] . However, these discrepancies could have been the result of recall bias, especially in patients with dementia, unless they or their caregivers had been instructed to document fluid intake [14] .
How much fluid should elderly people actually drink each day? The standard recommendation is to drink 8 glasses of fluid per day [40] , but there is some disagreement. Both Lindeman et al. and Negoianu et al. suggest that elderly people who drink 8 glasses of water per day may actually be overhydrated [39, 41] . Caution does need to be exercised in the elderly because many older people have reduced renal and/or cardiac function and a one-size-fit-all approach of 8 glasses might cause fluid-overload and exacerbate heart failure. In fact, heart failure patients are often fluid restricted to 1-1.5 liters of fluid per day in addition to being on diuretics [42, 43] . European Food and Safety Agency (EFSA) has set guidelines for adequate intake of water for healthy men and women at 2.5 L/d and 2.1 L/day respectively [44] . A recent study of total fluid intake of adults collected 7-day fluid records from adults in 13 different countries and showed wide geographical variation in the total amount of fluid consumed with only 40% of men and 60% of women complying with the EFSA guidelines [44] . This study, although large, was limited by the percentage of people in the geriatric age-group and did not have any objective measurement of hydration status.
It is important to remember that overhydration occurs not only in common conditions of heart and renal failure, it is also iatrogenic in the hospital setting and is independently associated with all cause morbidity and mortality, especially with more than 7% of positive fluid balance [45, 46] . Hence, it will be useful to have accurate and portable tools for measurement of hydration status, especially for the medically complex geriatric population with renal insufficiency and/or cardiac decompensation. A number of instruments have been developed to measure hydration status but the sensitivity and specificity of bioelectric impedance devices still requires refinement [47] .
Why is there so much emphasis on fluid intake? Dehydration has been identified as an independent "ambulatory care-sensitive condition" or ACSC by the Agency for Healthcare Research and Quality (AHRQ) in the United Sates [17, 48] . In a large healthcare utilization study of more than 79,000 elderly patients admitted with a principal diagnosis of dehydration, about 50% had urinary tract infections and approximately the same percentage were listed as having respiratory and/or cardiac conditions [17] . A report from 2015 concluded that $1.36 billion was spent to treat elderly patients hospitalized for dehydration [16] . Hence, one might conclude that with appropriate training and education, early recognition and management of urinary tract infections, pneumonias, and heart failure might result in substantially reduced costs for dehydration-related admissions to the hospital.
There are a number of reasons why older individuals have reduced fluid consumption. The age-associated reduction of the thirst mechanism is complex and is driven partially by changes in the hypothalamic thirst sensors as well as the peripheral baroreceptors, both of which degenerate with age to a variable extent in individuals [48] [49] [50] . Stachenfeld suggested that the mechanism for diminished thirst in the elderly was secondary to a significantly reduced ability to sense a volume deficit although their ability to respond to increased osmolality was similar to that of younger adults [50] . This hypothesis is supportive of the greater age-associated atrophy of the carotid baroreceptors, which is also a cause for orthostatic hypotension in the geriatric population, especially with dehydration [50] [51] [52] . Apart from diminished thirst, older individuals often consume less fluids because of problems associated with urinary incontinence, ambulation, manual dexterity or cognition, which predisposes them to dehydration often in poorly staffed nursing facilities [52] [53] [54] .
We also explored questions related to sodium and potassium balance relative to hydration because in the out-patient setting laboratory results are discussed with the patients and/or caregivers and instructions are frequently provided regarding fluids, salt or potassium intake. Reduced water intake or free water loss is generally associated with hypernatremia, or in mild cases with normal sodium concentration [7, 43] . However, in hypovolemic dehydration due to any reason (diarrhea, vomiting, burns, diuretics), there can be significant hyponatremia [43] . Overhydration can also result in hyponatremia of varying degrees and is frequently iatrogenic in elderly hospitalized patients [7, 43] . Interestingly, the majority of our participants believed that reduced fluid intake would have no effect on sodium balance. This response was concerning because it demonstrated that the elderly participants were not aware of the effect fluid intake can have on sodium balance, and the critical importance of sodium and water regulation in health and disease.
A key pituitary hormone involved in the regulation of hydration is vasopressin or anti-diuretic hormone (ADH), which is normally released in response to dehydration to signal water conservation by the nephrons [54] . Abnormal release of vasopressin occurs in the body by malignant tumors, in response to cancer medications, opiates, pulmonary infections, brain inflammation/ischemia or for idiopathic reasons, in what is termed the syndrome of inappropriate antidiuretic hormone secretion (SIADH) [54] . Management of hyponatremia is complex and can range from simple water restriction and loop diuretics to hypertonic saline or newer drugs such as the vasopressin receptor antagonists [55] . There are a few recent studies that suggest that high levels of vasopression in the blood might be associated with insulin resistance, increased hepatic steatosis and with an increased risk for development of type 2 diabetes mellitus [56] [57] [58] . Although more conclusive evidence is required, it will certainly be a very cost effective strategy to prudently encourage water consumption in order to reduce insulin resistance. A study by Godfrey et al. recommends that caregivers take a personalized approach to hydration care, making the act of drinking fluids a pleasurable experience by increasing the aesthetic appearance of a beverage or promoting social interactions [59] . This could be a promising tactic to help older people drink more fluid, and this subject will certainly benefit from further study.
Gaps in health literacy
Our data indicate that older adults are not fully aware of medical conditions that cause dehydration or overhydration. For example, only about one-third of respondents knew that the loss of 3 to 4% of body fluid can lead to dehydration, and few realized that even a simple fever in an older person could cause a serious deficit in hydration level. It appears that older adults are under the impression that they must lose a large amount of fluid to become dehydrated, and they might not recognize that their specific medical conditions or medications could place them at a much higher risk for hydration-related issues. Furthermore, few respondents were familiar with the potentially serious or life-threatening consequences of dehydration. Less than one-third knew that seizures, or even death, can occur as a result of dehydration. Thus, these individuals may not adequately increase their fluid intake to cope with conditions that cause dehydration (e.g., vomiting or fever). It is also possible that caretakers or family members lack sufficient knowledge about the importance of hydration for the elderly and they may not urge the individual to drink more fluids or seek medical attention.
With respect to overhydration, few respondents understood its significance or recognized the signs and symptoms associated with it. Less than one-third were aware of the hazards of receiving intravenous fluids, blood transfusions, or steroids at an older age. Likewise, very few of the respondents knew that seizures, confusion, and death were potential complications of overhydration. Our data indicate that we must not only augment our efforts to educate older adults and their caretakers about dehydration, but we must do the same for overhydration.
Healthcare providers also need to work towards enhancing the knowledge base and health literacy of older adults regarding the close relationship of electrolytes and water. Although we do not expect non-medical personnel to acquire expertise in this complex area, the critical role of water in regulating sodium and its effect of morbidity and mortality needs to be emphasized. This might give individuals who view water consumption as relatively unimportant a new appreciation of the power of water and hydration for health. Studies have demonstrated the positive effect of education on improving the hydration status in children but such interventions have not been tried in the elderly [60] .
Limitations of study
Our study participants were largely educated, white, community-dwelling residents of Central Arkansas and hence our results cannot be extrapolated to the general population with greater ethnic diversity and/or lower socio-economic and educational status. We did not evaluate the cognition of participants or record fluid intake. Another issue is that people may not fully disclose their intake of certain fluids such as alcoholic beverages, or might not consider drinks such as fruit or vegetable juices as reportable sources of fluid intake. Additionally, we did not address the controversies regarding hydration in palliative care, or hospice patients. Most studies suggest that active attempts to hydrate terminally ill patients, especially intravenously, should be avoided because such efforts are futile and might actually cause more discomfort and medical complications [14, 61] . However, this is an evolving area in medicine that requires considerable education of patients and caregivers, as well as providers [62, 63] .
Future directions
Dehydration and overhydration are significant health issues for the elderly population. This study provided basic information about fluid intake of elderly individuals residing in the southern part of the United States and revealed that there are significant gaps in this population's knowledge about proper hydration. We should spearhead public awareness campaigns aimed at improving the health literacy of this vulnerable population about hydration and also advocate for the implementation of programs that educate and train healthcare workers (e.g., caretakers or nursing home personnel) on this subject. Future studies should have objective records of hydration levels and correlate these with the participants' health, medical problems, physical performance and quality of life.
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